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Four nutrient media and several growth regulator concentrations were used to formulate a nutrient medium fo r the in 
vitro production of adventitious buds on mature embryos of Pinus elliottii x P. caribaea hybrids. A modified medium of 
Gresshoff and Day supported adventitious bud production on mature embryos better than modified media of 
Murashige and Skoog, Risser and White or Schenk and Hildebrandt. Benzyladenine (5 ~M) with 1 ~M indolebutyric 
acid was more effective than either 5 ~M zeat in or 5 ~M kinetin to induce adventitious buds on mature embryos. 
Adventitious shoots elongated on hal f-strength Gresshoff and Day medium with 5 IJM kinetin. Shoots rooted best on 
half-strength Gresshoff and Doy medium supplemented with 32 !-1M indolebutyric acid. Plants were successfully 
transferred to soil and hardened under mist spray. Differences were observed in the morphogenic potential of 
embryos, growth and rooting of adventitious shoots of different P. elliottii x P. caribaea hybrid seed families. 
Keywords: adventitious buds, embryo culture, micropropagation, Pinus hybrids, growth regu lators, nutrient medium, 
in vitro culture, Pinus elliottii, Pinus caribaea, breeding. 
Introduction 
Increased productivity on forest land has become a priority for 
timber growers in South Africa to meet the fu ture demands of 
timber and cellulose-based products. Apart from the improve-
ment of silvicultural practices, breeding of fast growing trees 
with high timber yield and quali ty has been a priority . Fast grow-
ing hybrids of Pinus elliollii Engelm. x P. caribaea Morelet with 
good timber quali ties have been identified and are evaluated for 
commercial afforestat ion. A drawback with the supply of plants 
for field tests is the low seed yield obtained from these hybrids 
(Van Wyk 1996 pers. comm.) Consequently other means of 
propagation such as cuttings and in vitro culture techniques 
should be investigated to satisfy the demand for plants. 
Approaches that seem to be feasib le with the in vitro propaga-
tion of pines are the production of plants through adventitious 
bud formation from mature embryos (Sommer et al. 1975; Reilly 
& Washer 1977; Minocha 1980; Matt & Amerson 1981 ; Halos & 
Go 1993), somatic embryogenesis from zygotic embryos (Gupla 
& Durzan 1987; Mohan-Jain el al. 1989: Jones el al. 1993; Jones 
& van Staden 1995) and micropropagation through shoot apical 
meristems (Goldfarb el al. 1996). 
This paper reports on init ial research undertaken to establish a 
technique for the in vitro propagation of P. elliollii x P. caribaea 
hybrids through adventitious bud production from mature 
embryos. 
Abbreviations: SA = 6-benzyladenine, fBA = indolebutyr ic 
acid, NAA = a -naphthaleneacetic acid 
Materials and Methods 
Seeds from the foll owing controlled pollinated Pinus elliottii x P. 
caribaea hybrids, wi th the code numbers in brackets, were obtained 
from seed orchards: E27 x PCh mix I (1); E589 x PCh mix I (2); 
E566 x PCh mix I (3); E176 x C22 (5); EI x C mix I (8); EI45 x 
Car 162 (14); £598 x PCh mix I (22); EI x C29 (27). The seeds 
were dis infested for 30 min under aseptic conditions with 0.2% (m! 
v) mercuric chloride containing 0.1% (v/v) Tween 20 and then 
rinsed fi ve times in sterile distilled water. The mature embryos were 
aseptically di ssected and floated on sterile distilled water. The 
embryos were placed on the micro- and macro elements of (GO) 
Gresshoff and Do), ( 1972), (MS) Murashige and Skoog (1962), 
(RW) Risser and White (1964) or (SH) Schenk and Hildebrandl 
(1972). The four basal media were supplemented with the vitamins 
ofGD medium and 3% (m/v) sucrose. A concentration of 5 j.lM ben-
zyladenine (BA). zeatin or kinetin as well as 1 [lM indolebutyric 
ac id (IBA) were added to the basal media to induce adventi tious bud 
formation. The shoot elongation medium consisted of 1/2GO with 
either 5 j.lM BA or 5 llM kinetin. The nutrient media were gelled 
with 0.8% (m/v) Difco Bacto agar and the pH adjusted to 5.7. A vol-
ume of 10 ml nutrient medium was dispensed into flat bottom vials 
(24 mm x 100 mm) that were capped with transparent polycarbonate 
caps and sealed with parafilm. The nutrient media were autoclaved 
for 20 min at 121 °C. The cul tures were maintained at 25 ± 1°C under 
a 16-h photoperiod at a photosynthetic photon flux (PPF) of 6 or 60 
~lmolm-2s-1. Twenty single embryo replications were used per treat-
ment and the experiments were repeated twice. The embryos were 
transferred every two weeks to fresh medium. The statistical layout 
of the experiments was a complete randomised design and the analy-
sis of variance was done according to Snedecor and Cochran (1972). 
Results and Discussion 
Adventitious bud development 
Within 2 weeks after mature embryos were placed on GO basal 
medium and incubated at 6 )lmolm-2s-1 PPF they became green 
and swollen. Adventitious buds developed within 6 weeks of 
incubation on the cotyledons of embryos on GO medium supple-
mented with 5 ~M BA and I ~M lBA (Figure I ). These buds, 
that developed mainly on the cotyledonary surface not in contact 
with the nutrient medium, developed further to form needles 
(F igure 2). With one treatment embryos were transferred, after 
two weeks on GO medium contain ing 5 J.1M BA and 1 )lM IBA, 
to GD without growth regulators . These embryos formed no 
adventitious buds and eventually died. Somatic bud differentia-
tion on embryos of P. elliottii x P. caribaea hybrid seed fami lies 
is consistent with reports of the pure species P. elliottii (Lesney 
el al 1988) and P. caribaea (Go el al. 1993; Halos & Go (993) 
as well as other pines such as P. paillstr;s (Sommer et al. 1975 ), 
P. radima (Reilly & Washer 1977), P. slrobus (Minocha 1978; 
Webb el al. 1988), P. laeda (Most & Amerson 1981) and P. bru-
lia Ten. (Abdullah el al. (985). Three to 5 mm long shoots that 
developed within 12 weeks of incubation on the bud initiation 
medium were transferred to shoot elongation medium (Figure 3). 
When these shoots were not periodically harvested, the 
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Figure I The development ofmeristematic buds on the cotyledonary surface of a mature embryo of Pinus eiliottii x P. caribaea hybrid 27. 
development of smaller buds on the meristcmatic cotyledons was 
suppressed. A fier 4 to 6 weeks of incubation on shoot elongation 
medium, the shoots were transferred to a rooting medium. 
Within 4 weeks roots were visible on the shoots. When the plants 
had developed 1 em long roots, they were transferred to a 
peat:perlite:vermiculite I: 1: I (v:v:v) potting medium. Two types 
of needles developed on the plantlets after rooting. They formed 
juvenile or mature needles on shoots less than two ern long 
(Figure 4). 
The effecl of light on adventitious bud development 
Embryos incubated at 6 )..J.moim-2s·1 turned green, became swol-
len and adventitious buds formed on the cotyledons. When 
embryos were incubated at a PPF of 60 J.1molm-2s-1 all the 
embryos became red pigmented and necrotic. Successful culture 
of pine embryos at low PPF was also reported for P. elliotlii 
(Bronson & Dixon 1988). In contrast, embryos of P. laeda L. 
(Mehra-Palta el al. 1978), P. slrobus L. (Chesick el al. 1991) P. 
radiala D. Don. (Aitken-Christie el al. 1988) and P. brutia Ten. 
(Abdullah el 01. 1989) were cultured in vitro at PPF higher than 
60 umolm-:!s-I. 
The effect of nutrient medium on adventitious bud 
development 
Embryos were incubated on the basal media of MS, SH, GD or 
R W supplemented with 5 ~M BA and I ~M IBA. More embryos 
became morphogenic and substantially more adventitious buds 
developed on embryos on GO than on MS or SH media. R W 
medium did not support bud induction on embryos (Table I). 
Explants of families 1 and 8 that were morphogenic on the other 
media did not develop buds on R W medium. No buds developed 
on seed families 5 and 22 incubated on any of the nutrient media 
used. As with the hybrids in this study, modified GO medium 
also supported adventitious bud production of P. palusfris Mill. 
(Sommer el 01. 1975), P. loeda (Most & Amerson 1981), P. rig-
ida Mill. x P. loedo L (Kim el 01. 1982), P. elliolfii (Lesney el 01. 
1988; Bronson & Dixon 1991 ; Burns el al. 1991) and P. vilgin-
iano Mill. (Chang el 01. 1991). However, the male parent of the 
hybrids in this study, P. caribaea. formed adventitious buds on 
modified SH (Webb & Santiago 1983) and MS media (Halos & 
Go 1993). 
The effect of cytokinins on bud formation 
Embryos were incubated on GD medium supplemented with 
~M IBA and either 5 ~M BA , 5 ~M kinetin or 5 ~M zeatin. 
Embryos on zeatin-containing medium enlarged and turned 
green at 6 and 60 I-lmolm-2s-
' 
PPF whereas embryos on kinetin or 
SA became red pigmented and necrotic at a PPF of 60 
J.1molm-2s-1. When incubated at 6 I-lmolm-2s-
' 
PPP more buds 
developed on embryos of seed families 1,2,3, 14 and 27 in the 
presence of BA than on kinetin or zeatin. Hybrid seed family 8 
responded similarly but poorly on BA and kinetin (Table 2). 
From the literature it is clear that BA is the cytokinin preferred 
for the induction of buds on pine embryos (George el 01. 1987). 
Little morphogenic response was observed with embryos incu~ 
bated on zeatin. Only embryos of family 27 responded with the 
formation of 3 to 5 buds per embryo on zeatin containing 
medium (Table 2). This family appears to have a higher morpho-
genic potential than the other families used since it formed sub~ 
stantially more buds on cotyledons than the other families (Table 
2). In contrast with the absence of adventitious bud development 
on embryos of the hybrids on zeatin-containing medium, zeatin 
was reported to be effective with the induction of buds on 
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Figure 2 The emergence of needles from meristematic buds on cotyledons of mature embryos of Pinus ellioltii x P. caribaea hybrid 27. 
embryos of P. slrobus (MiDocha 1980) and superior to BA with 
P. laeda (Mehra-Palta el at. 1978). Apart from cytokinins and 
auxins other growth regulators such as abscisic acid (Chang el af. 
199 1 ) and compounds such as active charcoal (Burns et 01. 
199 1) have been used to improve shoot formation on cotyledo-
naus ex plants of pines. 
Substantial differences in the frequency and intensity of 
adventitious bud production were observed among seed families. 
As a result of the large differences in the number of buds that 
developed on embryos within a treatment no statistical signifi-
cant differences were obtained. In the presence ofB A most buds 
developed on embryos of fam ily 27 while more buds were 
observed on embryos of famili es 1,2,3 and 14 than on 8 (Table 
2). It is expected that embryos from different hybrid seed fami-
lies within a breeding population should differ in their morpho-
genic potential as a result of genetic differences as was observed 
with P. elliollit x P. cariboea hybrids. These results support the 
observations of Matt el 01. (1977) on P. taedo. Bergmann and 
Stomp (1994) on P. radiala and Lapp el af. (1996) on P. mon/i-
co/a Doug!. 
Shoot development 
Adventitious shoots with a length of 5 mm were periodically har-
vested and transferred to shoot elongation medium. Shoots grew 
better on nutrient medium containing kinetin than on nutrient 
medium with BA. The shoots of hybrid 27 were longer than 
those of the other seed families (Table 3). 
Rooting of shoots 
Twenty shoots of 1 to 2 cm in length were cut at the base to 
remove callus that formed and were then transferred to 1/2GD 
basal medium with 0, 8, 16, 32 or 64 ~M lBA. No rooting took 
place in the absence of exogenous applied auxin and little rooting 
was observed at 8 J.tM IBA. Rooting increased with an increase 
in the concentration of IBA with the highest frequency of root 
formation observed with 32 ~M lBA (Table 4). Rooting of 
shoots derived from cotyledonary ex plants of P. virginiana was 
also achieved with similar concentrations of IBA (Chang el al. 
1991). Other auxins such as NAA (Bronson & Dixon 1991; 
Haggman e/ af. 1996) and combinations of lBA and NAA 
(Mehra-Palta e/ af. 1978; Horgan & Aitken 1981) or auxins and 
cytokinins (Chang e/ at. 199 1; Sen e / af. 1994) also proved to be 
successful with the rooting of pine shoots. The in vitro rooting of 
shoots of P. elliottii x caribaea on half strength nutrient media 
was also reported to be effective for other pines such as P. taeda 
(Mehra-Palta e/ at. 1978), P. elliottii (Bronson & Dixon 199 1), 
P. virginialla (Chang el af. 199 1), P. efdarica (Sen e/ af. 1994) 
and P. syfveslris (Haggman e/ af. 1996). 
Shoots formed 2 to 3 roots and no significant differences were 
observed in the number of roots formed among the different 
hybrid seed families. At a concentration of 64 ~M lBA the base 
of many shoots enlarged and basal callus developed. Callus pro-
duction probably inhibited root formation as was reported for P. 
radia/a (Horgan & Holland 1989). Although root formation of 
pine shoots in vitro is considered to be relative ly difficult 
(Haggman el at. 1996) pines such as P. radiala (Horgan & 
Aitken 1989) and P. efdarica (Sen e/ at. 1994) root with relative 
ease. Goldfarb el af . (1996) reported that the in vilro rooting 
capacity of pine shoots is also affected by the maturity of the 
donor plant and reported no rooting of mature P. strobus shoots. 
Recently Burkhart and Meyer (1991) improved rooting of P. syf-
veslris shoots substantially from 7% to 43% with the addition of 
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Table 1 The effect of nutrient media supplemented 
with 5 ~M BA and 1 ~M IBA on the formation of adventi-
tio\.JS buds from mature embryos of P. elliottii x P. car-
ibaea hybrids (mean ± std dev). 
Nutrient medium 
Hybrid GD MS RW SH 
% embryos that fomlcd adventitious buds 
60 55 0 60 
2 45 40 5 40 
3 55 35 15 30 
8 30 30 0 30 
14 30 15 5 35 
Z7 30 15 5 35 
Mean no . of adven titious buds fomlcd per embryo 
14.4 ± 2.6 6.4 ± 1. 8 0 8.2 ± 1.9 
2 12.6 ± 2.4 7. 1 ± 2.4 1. 1 ± 0.7 6.7 ± 2.0 
3 9. 1 ± 2.9 4.9 ± 1.7 1.4 ± 0.9 6.3 ± 1.8 
8 6.5 ± 1.2 3.2 ± 1.1 0 2.3 ± 1.2 
14 8.3± 1. 7 5.3 ± 1.4 2.3± 0.9 5.7 ± 1.2 
Z7 26.9 ± 3.2 14.8 ± 2.2 6.2 ± 1.7 16.2 ± 2.3 
No response was observed with families 5 and 22. 
Treatment means were not significantly ditTerent at (P < 0.05). 
ancym ido l to the rooting medium. 
Significant differences were recorded in the number of shoots 
that rooted among the seed families used (Table 4) and more 
shoots of fami ly 27 rooted than of the other famil ies. This is in 
accordance with the reports on clonal differences in rooting of P. 
radiala (Horgan & Holland 1989). 
Hardening of plantiets 
Rooted plantlets were transferred to a potting mixture of ver-
miculite:perlite:peat (I: 1:1) (v:v:v) after they had been hardened 
under an intermittent mist spray of 10 second misting every to 
minutes. A ll the plants that survived transplantation formed sec-
Table 2 The effect of cytokinins on the mean 
number of adventitious buds induced on mature 
embryos of P. elliottii x P. caribaea hybrids (mean 
± std dev) . 
nutrient media with 1 )lM lBA + 5 f1M cytokinin 
Hybrid BA Kinetin Zeatin 
R 4.7 ± 1.6 3.3 ± 1.7 0 
14 9.3 ± 2.6 4.2 ± 1.0 0 
3 IO.8 ± 2.2 6. 1 ± 1. & 0 
2 1I .6 ± 2.7 7.7 ± 1.4 0 
12.5 ± 2. 1 8.6 ± 2.3 0 
27 22.3 ± 2.4 18.6 ± 2.8 4.7± 1.3 
NC. response was observed with famil ies 5 and 22 
Treatment means were not significan tly different at (P :::;: 0.05). 
Table 3 The effect of BA and kinetin on shoot 
length of advenlitious shoots of P. elliottii x P. carib-
aea hybrids after six weeks incubation on shoot 
elongation medium [mean (mm) ± std dev] . 
Cytokinin (5 ~M) 
Hybrid family BA Kinetin 
12.1 + 1.9 16.4 + 2.1 
2 11.3 + 1.3 17.3 + 2.5 
3 14.8 + 1.7 20.8 + 2.2 
27 20.1 + 2.2 27.6 + 2.8 
Treatment means were not significantly different at (P :;; 0.05). 
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ondary roots (Figure 4). The number of plants of the families that 
survived the treatment ranged from 60% to 70% w ith no substan-
tial difference in survival rate among the families . Needle fasci-
cles were observed to develop on a number of plantlets with a 
shoot length of less than 2 em (Figure 4). This early fascicle 
development is probably an indication of an early maturation 
process in these plantlets as was reported for P. taeda (Leach 
1979), P. radiala (Aitken & Gleed 1984) and P. bruNa (Abdul -
lah el al. 1989). 
Conclusions 
The nutrient medium, type and concentration of growth regula-
tors as well as the genetic variation in the seed source had a pro-
found effect on the production of buds on embryos of P. elliollii 
x P. caribaea hybrids . Embryos from seed family 27 performed 
outstand ingly well regarding bud formation and rooting. For 
most seed families GD with 1 ~lM IBA and 5 flM BA was the 
most promising nutrient medium for adventitious bud formation 
on embryos. Shoot elongation of micropropagated buds was 
good on l/Z GO with 5 J.lM S A and the best rooti ng medium was 
1/, GD WIth 32 flM IBA. 
Adventitious bud production is sti ll erratic and the nutrient 
medium needs to be optimised to support higher rates of adventi-
tious bud production for a large number of hybrids. The low seed 
yield produced by trees from P. ellioltii x P. caribaea hybrids is 
a serious problem which makes it difficult to evaluate the geno-
typic and phenotypic characteristics of the offspring in field tri-
als. Increasing the number of plants through micropropagation 
will contribute to the proper statistical evaluation of the field per-
formance of hybrids. Although the means of commercial cloning 
is mainly through cuttings, rnicropropagation could contribute to 
the commercial cloning of genetically improved trees. A larger 
Table 4 The effect of IBA on the rooting frequency 
('!o) of adventitious shoots of P. elliottii x caribaea 
hybrids. 
lBA concentration ()lM) 
Hybrid family 0 8 16 32 64 
0 0 15b 30' lOb 
2 0 0 30b 50' 15' 
3 0 0 35b 55' 20' 
27 0 5 55b 70' 45' 
a, b, c = significant differences between hormonal treatments 
(P S 0.05) . 
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Figure 3 Adventitious shoots formed by Pinus eliiottii x P. caribaea hybrid 27 on shoot elongation medium. Spontaneous rooting is visible 
on the centrally placed shoot. 
Figure 4 Rooted piantlets of Pinus elliot/ii x p, caribaea hybrid no 27 incubated on 1/2 GO medium with 16).1M BA. The development of 
need le fascicles is visible on some plant lets. 
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sample of genotypes from the breeding population should be cul-
tured in vitro to determine the possibility of patterns of inherit-
ance for morphogenic capacity, shoot development and rooting 
characteristics of embryonic material in vitro . 
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